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CAPACITIVE FEED ANTENNA 



REFERENCE TO RELATED APPLICATIONS 

5 

The present application is related to US Provisional Patent Application 
Serial No. 60/661,750 filed March 15, 2005, and entitled NON-CONTACT FEED FOR 
INTERNAL ANTENNA and US Provisional Patent Application Serial No. 60/749,364 
filed December 9, 2005 and entitled COMBINED CONTACT FEED FOR INTERNAL 
10 ANTENNA, the disclosures of which are hereby incorporated by reference and priority 
of which is hereby claimed pursuant to 37 CFR 1.78(a) (4) and (5)(i). 

FIELD OF THE INVENTION 

15 The present invention relates to antennas generally and more particularly 

to antennas for mobile communicators. 

BACKGROUND OF THE INVENTION 

20 The following Patent documents are believed to represent the current 

state of the art: 

U.S. Patents: 6,680,705 and 5,764,190; and 

U.S. Published Patent Application No: 2005/0057409. 



25 



1 



WO 2006/097918 



PCT/IL2006/000322 



SUMMARY OF THE INVENTION 

The present invention seeks to provide an improved antenna for use in a 
mobile communicator. 

5 There is thus provided in accordance with a preferred embodiment of the 

present invention an antenna having multiple radiating bands, including a ground plane, 
a feed plate extending generally parallel to and being spaced from the ground plane by a 
first distance and having a feed connection extending between the feed plate and the 
ground plane, at least one radiating element extending generally parallel to and being 

10 spaced from the feed plate by a second distance and at least one galvanic connector 
connecting the at least one radiating element at a first location on the at least one 
radiating element to the ground plane at a first location on the ground plane, the first 
location on the ground plane being separated from the feed connection by a third 
distance, the first, second and third distances being selected to achieve desired 

15 impedance matching of the feed plate, and the feed plate feeding the at least one 
radiating element at a location corresponding to an impedance substantially greater than 
50 Ohm at at least one band.. 

In accordance with a preferred embodiment of the present invention the 
ground plane has an aperture formed therein, and the feed connection extends through 

20 the aperture. 

There is also provided in accordance with another preferred embodiment 
of the present invention an antenna having multiple radiating bands including a ground 
plane, a feed plate extending generally parallel to and being spaced from the ground 
plane by a first distance and having a feed connection extending between the feed plate 

25 and the ground plane, at least one radiating element extending generally parallel to and 
being spaced from the feed plate by a second distance, at least one galvanic connector 
connecting the at least one radiating element at a first location on the at least one 
radiating element to the ground plane at a first location on the ground plane, the first 
location on the ground plane being separated from the feed connection by a third 

30 distance and a galvanic connection connecting the at least one radiating element and the 
feed plate, there being a capacitive and a galvanic connection between the feed plate 
and the at least one radiating element. 
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There is further provided in accordance with a further preferred 
embodiment of the present invention an antenna having multiple radiating bands 
including a ground plane, a feed plate extending generally parallel to and being spaced 
from the ground plane by a first distance and having a feed connection between the feed 
5 plate and the ground plane, at least one radiating element extending generally parallel to 
and being spaced from the feed plate by a second distance and at least one galvanic 
connector connecting the at least one radiating element at a first location on the at least 
one radiating element to the ground plane at a first location on the ground plane, the 
first location on the ground plane being separated from the feed connection by a third 
10 distance, the feed plate at least partially overlapping portions of at least two conductive 
arms defined by the at least one radiating element and the at least one galvanic 
connector. 

There is additionally provided in accordance with an additional preferred 
embodiment of the present invention an antenna having multiple radiating bands 

15 including a ground plane, a feed plate extending generally parallel to and being spaced 
from the ground plane by a first distance and having a feed connection between said 
feed plate and said ground plane, at least one radiating element extending generally 
parallel to and being spaced from the feed plate by a second distance, and at least one 
galvanic connector connecting the feed plate at a first location on the feed plate to the 

20 ground plane at a first location on the ground plane, said first location on the ground 
plane being separated from the feed connection by a third distance, the first, second and 
third distances being selected to achieve desired impedance matching of the feed. 

In accordance with a preferred embodiment of the present invention the 
antenna also includes a dielectric support platform underlying the at least one radiating 

25 element. Preferably, the first, second and third distances are selected to achieve desired 
impedance matching of the feed plate. 

In accordance with another preferred embodiment of the present 
invention the feed plate includes a capacitive feed plate. Preferably, the feed connection 
extends from a feed contact pad which is electrically insulated from the ground plane. 

30 Additionally or alternatively, the at least one radiating element is formed with at least 
one slot. 
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In accordance with a further preferred embodiment of the present 
invention the at least one galvanic connector extends from a ground contact pad which 
is galvanically connected to the ground plane. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully 
from the following detailed description, taken in conjunction with the drawings in 
10 which: 

Fig. 1 is a simplified schematic illustration of an antenna constructed and 
operative in accordance with a preferred embodiment of the present invention; 

Figs. 2A, 2B, 2C and. 2D are respective simplified pictorial, top view and 
first and second sectional view illustrations of one embodiment of an antenna 
15 constructed and operative in accordance with the present invention, the sectional 
illustrations being taken along respective section lines IIC-IIC and IID-IID in Fig. 2B; 

Figs. 3A, 3B, 3C and 3D are respective simplified pictorial, top view and 
first and second sectional view illustrations of a preferred embodiment of an antenna 
constructed and operative in accordance with the present invention, the sectional 
20 illustrations being taken along respective section lines IHC-IIIC and IIID-IIID in Fig. 
3B; 

Figs. 4A, 4B, 4C and 4D are respective simplified pictorial, top view and 
first and second sectional view illustrations of another embodiment of an antenna 
constructed and operative in accordance with the present invention, the sectional 
25 illustrations being taken along respective section lines IVC-IVC and IVD-IVD in Fig. 
4B; and 

Figs. 5A, 5B, 5C and 5D are respective simplified pictorial, top view and 
first and second sectional view illustrations of yet another embodiment of an antenna 
constructed and operative in accordance with the present invention, the sectional 
30 illustrations being taken along respective section lines VC-VC and VD-VD in Fig. 5B. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference is now made to Fig. 1, which is a schematic illustration of an 
antenna constructed and operative in accordance with a preferred embodiment of the 
5 present invention. Fig. 1 illustrates an antenna which preferably has multiple radiating 
bands. 

As seen in Fig. 1, the antenna preferably comprises a ground plane 100 
having an aperture 102 formed therein. A feed plate 104 preferably extends generally 
parallel to and is spaced from the ground plane 100 by a first distance Dl and has a feed 

10 connection 106 extending through the aperture 102 in ground plane 100. 

A radiating element 110 extends generally parallel to and is spaced from 
the feed plate 104 by a second distance D2. A galvanic connector 112 is connected at a 
first end thereof to radiating element 110 at a location 114 on the radiating element 110 
and at a second end thereof to the ground plane 100 at a location 116 on the ground 

15 plane 100. Location 116 on the ground plane 100 is separated from the feed connection 
106 by a third distance D3. 

In accordance with a preferred embodiment of the present invention, the 
first, second and third distances Dl, D2 and D3 and the area of the feed plate 104 are 
selected to achieve desired impedance matching of the feed to the antenna. The third 

20 distance D3 preferably allows the feed plate 104 to feed radiating element 110 at a 
location corresponding to an impedance substantially greater than 50 Ohm at at least 
one band. Typical radiating bands of the antenna of Fig. 1 include, but are not limited 
to, the following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS. 

Reference is now made to Figs. 2A, 2B, 2C and 2D, which are respective 

25 simplified pictorial, top view and first and second sectional view illustrations of one 
embodiment of an antenna constructed and operative in accordance with the present 
invention. 

As seen in Figs. 2A, 2B, 2C and 2D, the antenna preferably comprises a 
ground plane 200. A generally rectangular capacitive feed plate 204 preferably extends 
30 generally parallel to and is spaced from the ground plane 200 by a first distance Dll 
and has a feed connection 206, preferably extending diagonally with respect to ground 
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plane 200 and to feed plate 204 from a feed contact pad 208 which is electrically 
insulated from ground plane 200. 

A radiating element 209 extends generally parallel to and is spaced from 
the capacitive feed plate 204 by a second distance D12. The radiating element 209 
5 preferably comprises a rectangular plate which is formed with a longitudinal slot 210 
along a central portion thereof. Slot 210 communicates with a transversely extending 
slot 211. 

A galvanic connector 212, preferably extending diagonally with respect 
to ground plane 200 and to capacitive feed plate 204, is connected at a first end thereof 

10 to the radiating element 209 at a location 214 on the radiating element 209 and at a 
second end thereof to the ground plane 200 at a ground contact pad 215 at a location 
216 on the ground plane 200. Ground contact pad 215 is galvanically connected to the 
ground plane 200. The location 216 on the ground plane 200 is separated from the feed 
connection 206 at the ground plane 200 by a third distance D13. 

15 In accordance with a preferred embodiment of the present invention, the 

first, second and third distances Dll, D12 and D13 and the area of the feed plate 204 
are selected to achieve desired impedance matching of the feed to the antenna. The third 
distance D13 preferably allows the capacitive feed plate 204 to feed radiating element 
209 at a location corresponding to an impedance substantially greater than 50 Ohm at at 

20 least one band. Typical radiating bands of the antenna of Figs. 2A - 2D include but are 
not limited to the following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA 
and DCS. 

Reference is now made to Figs. 3A, 3B, 3C and 3D, which are respective 
simplified pictorial, top view and first and second sectional view illustrations of a 
25 preferred embodiment of an antenna constructed and operative in accordance with the 
present invention. 

As seen in Figs. 3A, 3B, 3C and 3D, the antenna preferably comprises a 
ground plane 300. A capacitive feed plate 304 preferably extends generally parallel to 
and is spaced from the ground plane 300 by a first distance D21 and has a feed 
30 connection 306, preferably extending diagonally with respect to ground plane 300 and 
to feed plate 304 from a feed contact pad 308 which is electrically insulated from 
ground plane 300. 
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A radiating element 309 extends generally parallel to and is spaced from 
the capacitive feed plate 304 by a second distance D22. The radiating element 309 
preferably comprises a generally rectangular plate which is curved at some of its edges 
and is formed with a multidirectional slot 310 having various dimensions and which 
5 defines at least two conductive arms, designated generally by reference numerals 311 
and 312. 

A galvanic connector 313, preferably extending diagonally with respect 
to ground plane 300 and to capacitive feed plate 304, is connected at a first end thereof 
to the radiating element 309 at a location 314 on the radiating element 309 and at a 

10 second end thereof to the ground plane 300 at a ground contact pad 315 at a location 
316 on the ground plane 300. Ground contact pad 315 is galvanically connected to the 
ground plane 300. The location 316 on the ground plane 300 is separated from the feed 
connection 306 at the ground plane 300 by a third distance D23. 

In accordance with a preferred embodiment of the present invention, the 

15 first, second and third distances D21, D22 and D23 and the area of the feed plate 304 
are selected to achieve desired impedance matching of the feed to the antenna. Typical 
radiating bands of the antenna of Figs. 3A - 3D include but are not limited to the 
following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS. 

It is a particular feature of the embodiment of Figs. 3A - 3D that a 

20 galvanic connection 320 is provided between the feed plate 304 and the radiating 
element 309 at a location 322 thereon, providing both a capacitive and a galvanic 
connection between the feed plate and the radiating element. This structure provides 
substantially enhanced bandwidth and impedance matching as well as enhanced 
radiating efficiency in the relatively low frequencies. 

25 Reference is now made to Figs. 4A, 4B, 4C and 4D, which are respective 

simplified pictorial, top view and first and second sectional view illustrations of one 
embodiment of an antenna constructed and operative in accordance with the present 
invention. 

As seen in Figs. 4A, 4B, 4C and 4D, the antenna preferably comprises a 
30 ground plane 400. A generally rectangular capacitive feed plate 404 preferably extends 
generally parallel to and is spaced from the ground plane 400 by a first distance D31 
and has a feed connection 406, preferably extending diagonally with respect to ground 
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plane 400 and to feed plate 404 from a feed contact pad 408 which is electrically 

insulated from ground plane 400. 

A radiating element 409 extends generally parallel to and is spaced from 

the capacitive feed plate 404 by a second, distance D32. The radiating element 409 
5 preferably comprises a rectangular plate which is formed with a pair of longitudinal 

slots 410 along a central portion thereof. Slots 410 communicate with a transversely 

extending slot 411. 

One or more galvanic connectors 412, preferably extending diagonally 

with respect to ground plane 400 and to capacitive feed plate 404, are connected at first 
10 ends thereof to the radiating element 409 at locations 414 on the radiating element 409 

and at second ends thereof to the ground plane 400 at one or more ground contact pads 

415 at locations 416 on the ground plane 400. Ground contact pads 415 are galvanically 

connected to the ground plane 400. One or more of locations 416 on the ground plane 

400 are separated from the feed connection 406 at the ground plane 400 by a third 
15 distance D33. 

In accordance with a preferred embodiment of the present invention, the 
first, second and third distances D31, D32 and D33 and the area of the feed plate 404 
are selected to achieve desired impedance matching of the feed to the antenna. Typical 
radiating bands of the antenna of Figs. 4A - 4D include but are not limited to the 
20 following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS. 

The embodiment of Figs. 4A - 4D is characterized by the provision of a 
dielectric support platform 420 which underlies and supports the radiating element 409. 
It is a particular feature of the embodiment of Figs. 4A - 4D that the feed plate 404 at 
least partially overlaps portions of at least two conductive arms 422 and 424 defined by 
25 the radiating element 409 and its ground connections 412. 

Reference is now made to Figs. 5A, 5B, 5C and 5D, which are respective 
simplified pictorial, top view and first and second sectional view illustrations of one 
embodiment of an antenna constructed and operative in accordance with the present 
invention. 

30 As seen in Figs. 5A, 5B, 5C and 5D, the antenna preferably comprises a 

ground plane 500. A capacitive feed plate 504 preferably extends generally parallel to 
and is spaced from the ground plane 500 by a first distance D41 and has a feed 
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connection 506, preferably extending diagonally with respect to ground plane 500 and 
to feed plate 504 from a feed contact pad 508 which is electrically insulated from 
ground plane 500. 

A radiating element 509 extends generally parallel to and is spaced from 
5 the capacitive feed plate 504 by a second distance D42. The radiating element 509 
preferably comprises a rectangular plate which is formed with a longitudinal slot 510 
along a central portion thereof. Slot 510 communicates with a transversely extending 
slot 511. 

A galvanic connector 512, preferably extending diagonally with respect 
10 ' to ground plane 500 and to capacitive feed plate 504, connected at a first end thereof to 
the capacitive feed plate 504 at a location 514 on the capacitive feed plate 504 and at a 
second end thereof to the ground plane 500 at a ground contact pad 515 at a location 
516 on the ground plane 500. Ground contact pad 515 is galvanically connected to the 
ground plane 500. The location 516 on the ground plane 500 is separated from the feed 
15 connection 506 at the ground plane 500 by a third distance D43. 

A second galvanic connector 520, which preferably extends diagonally 
with respect to ground plane 500 and connects radiating element 509 with the ground 
plane 500. 

In accordance with a preferred embodiment of the present invention, the 
20 first, second and third distances D41, D42 and D43 and the area of the feed plate 504 
are selected to achieve desired impedance matching of the feed to the antenna. Typical 
radiating bands of the antenna of Figs. 5A - 5D include but are not limited to the 
following bands: GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS. 

A particular feature of the antenna of Figs. 5A to 5D that the feed plate 
25 504 provides both capacitive and inductive coupling for feeding the radiating element 
509. 

It is appreciated by persons skilled in the art that the present invention is 
not limited by what has been particularly shown and described hereinabove. Rather the 
scope of the present invention includes both combinations and subcombinations of 
30 various features described hereinabove as well as variations and modifications thereto 
which would occur to a person of skill in the art upon reading the above description and 
which are not in the prior art. 
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